This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY, 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



0 Publication number 0 302 469 

A2 

© EUROPEAN PATENT APPLICATION 

© Application number: 88112634.6 €> Int. CI * C07K 3/08 , //C12P21/02 



© Date of filing: 03.08.88 



® Priority: 04.08.87 JP 194607/87 


0 Applicant KYOWA HAKKO KOGYO CO M LTD. 


6-1, Ohtemachi 1-chome 


® Date of publication of application: 


Chiyoda-ku Tokyo100(JP) 


08.02.89 Bulletin 89/06 


© Inventor Yokoo, Yoshlharu 




© Designated Contracting States: 


3-4-17, Yokoyama 


DE FR GB IT 


Sagamihara-shi Kanagawa(JP) 




Inventor: Sugimoto, Seiji 




1-2-14, Asahi-machi 




Machida-shi Tokyo(JP) 




0 Representative: Kinzebach, Werner, Dr. et al 




Patentanwalte Reltstbtter, Kinzebach unci 




Partner Sternwartstraase 4 Postfaoh 86 06 49 




D-8000 MUnchen 86(DE) 



© Process for reactivating protein. 



© Reactivation of cystaine-containlng protein in a process, in which a reduced and denatured cysteine- 
containing protein such as salmon growth hormone I or eel growth hormone I can be efficiently reactivated. 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



0» 
CO 

"CM 
O 
CO 



Ou 
IJJ 



Xerox Copy Centre 



A4/ 



EP 0 302 469 A2 
PROCESS FOR REACTIVATING PROTEIN 



FIELD OF THE INVENTION 
This invention relates to a process for reactivating a reduced and denatured cysteine-containing protein. 

BACKGROUND OF THE INVENTION 



a n,n te .n i s * htaoolvmer which exerts a specific function through the formation of a definite high-order 
e wSc JTS^TiJu- form" hereinafter. A disulfide bond between cysteine residues 
TvLentJoned high-order structure plays an important role in the p*jr«* £ 
* ^ nf Z nroteln or in stabiUzinq the same. Recent development in gene recomb.na.tion techn.ques 
• ^ZlrtZ To^TXL. in an expression system using Escherichia g£ in oatfcu^ a 
^1 form of inclusion bodies is produced within the eel ,s <*;^ 

=♦ »i Rin/n=rHNOLOGY 2 800 (1984): and D.N. Brems et al., Biochemistry. 24. 7662 (1986)]. mus. n is 
ll^SS^TJSiL deseed protein from these inciusion bodies, in order to solubilize these 
TmSSo^ it is necessary to once denature the same. When 
> 2n?s Sbe ^ soibnized, it is necessary to denature this protein in a reduced state. Thus, disulfide bonds 
Ed * l2r!f ft. «n. sites as'those observed in the corresponding natural protein .n order to 
affieientlv reactivate the reduced and denatured protein. 

3? fXKV*. process, secondary and tertiary structures of the prote.r . are jjjo 
~J?!JZ sametime Thus hydrophobic groups, which are enclosed in protein molecules in the natural 

° 22 1£Z£ Z^ otlror inte'rmo.ecular or intramolecular disuifide bonds would be formed 
aTsTtes dflMfcom those observed in the natural one. As a result, not the desired natural proton but ^an 
iTtaiedTdBflaturBd one would be frequently obtained. In the case of a prote>n hav.ng a marked 
l^D^Ti^^ or denatured materia, through the interaction between hydrophobe groups 

,5 !S mTfoTmation of disulfide bonds at the same sites as those of the natural one . ^ 
pressed and thus the desired natural protein is obtained sometimes at a yield as low as approxunately 

^Therefore it is difficult to efficiently reactivate a reduced and denatured cysteine-containing protein 
whichTsS to ^converted into an associated or denatured one. by the interaction between hydrophobe 

to qroups by a conventional reactivating process. rtanntured 
KE Langley et al. reported that a protein can be reactivated by forming disulfide bonds .n a denatured 
protein at "e same sites as those of the corresponding natura. protein and at a high lra>«^P^ 
S the case in which the formation of disulfide bonds at the same srtes as those of the natural one is 
ibited by the formation of an associated or denatured one through the interaction between hydrophob.c 

45 9r0U The process for reactivating.. bovine growth hormone of. JUL Langley et al. comprises (1) washig 
oroteTnaceTs nclusion bodies produced within the ceiis of Escherichia coji. followed by aoluMz.no the 
MMn^dtaTta 6 M guanidine hydrochloride: (2) oxidizing the inclusion bodies by albwmg to stand a 
^oTIpmL for 20 hours or more so that the formation of disulfide bonds occurs: (3) fub.ect.ng to ge 

«, rLTTthe oresence of 6 M guanidine hydrochloride: (4) collecting the monomer-containing fractions, 
an? 5) dl ng Z Son to ^extent that the guanidine hydrochloride concentration is 2 M. Mowed by 
llvS [KE iTgley et al.. Eur. J. Biochem.. 163. 313-321 (1987)]. However, this process has such a 
SanS See no reducing agent is add!5 at the sedation of »***^^^™ 
the reduced monomer are low zrt formation of disulfide bonds at the same sites as those of the natural 
Itrhfbited due to the action of the associated materia* of the desred protem and substances 
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asSni aTd gLmine residues from deamidatlon. It would take a prolonged time for ox.dat.on. 



SUMMARY OF THE INVENTION 



An" object of the present invention is to provide a process for reactivating a reduced and denatured 

mart* rf the protein can decrease or disappear by adding a reducing agent as well as a danttring 
aC t a the sulbSon of the protein. Also, we have found that substances contaminabng the , rndtaon 

EES 

The ^ pmcet of *e presentTnvention comprises the operative steps of: (1) converting a cysteme- 
«^5n into, reduced and denatured one by adding a denaturing agent and a reducing agent 
SSK *• -duc/ng agendo, oxidfcng the pro*, ae ^denatured ■ 

tam disulfide bonds at the same sites as those observed in the corresponding natural protem, and (4) 

n^r^^ -hich is liabie to be converted into an 

asSa^d or deifd one when reactivated in the presence of a denaturing agent at a .ow concentration, 
such as salmon growth hormone I (SGH-I) or eel growth hormone I. 

DFTAILED DESCRIPTION OF THE INVENTION 

The protein in the form of inclusion bodies produced within the cells can be iS0,ated 

and purified in accordance with the following method as descnbed in JP-A-60-244259. 
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Step (a) 



disruption 
centrifugation 



w 



precipitate A 

(cell residue + inclusion bodies) 



is 



Step (b) 



treatment with sugars 
and the like 
centrifugation 



precipitate B 
(inclusion bodies} 



supernatant 
(cell residue) 



Step (c) 



treatment with surface active agents 
ane the like 
solid-liquid separation 



solid matter 

(purified inclusion bodies) 

Each step of the isolation and purification of inlcusion bodies is described in detail below. 

In step (a), the cells of microorganisms in which the proteinaceous inclusion bodies have been 
produced are disrupted and centrifuged to obtain precipitate (precipitate A). 

The ceils are suspended in a buffer solution having a neutral pH value (e.g., phosphate buffer having a 
pH value of 7) and subjected to various known disruption method such as sonication, lysozyme treatment, 
homogenization, disruption by mechanical compression. The cell disruption is preferably carried out using 
the compressor such as French press, Manton-Gaulin homogenizer under the appropriate conditions for 
each apparatus. 

Then, the thus-obtained suspension is centrifuged to give precipitate A which contains proteinaceous 
inclusion bodies and cell residues. . Centrifugation can be carried out using the conventional centrifuge 
generally at 2.000 to 15.000 rpm for 10 to 120 minutes, and preferably at 4,000 to 12,000 rpm for 30 to 90 
minutes. Continuous type centrifuge such as a centrifuge using Scharples® can also be employed. 

In step (b), the precipitate A thus obtained is suspended in an aqueous solution having dissolved 
therein solute selected from an alkali metal or alkaline earth metal salt of an. inorganic acid, sugars such as 
pentose, hexose. di-saccharides. trisaccharides, deoxysugars. sugar alcohols, dextran. dextrin, or Ficolio.or 
Percoll®. Then, the suspension is centrifuged to obtain precipitate B containing protenaceous inclusion 
bodies. Supernatant containing cell residues is decanted. Conventionally, separation of cell components 
each of which has different density is conducted utilizing sucrose density-gradient centrifugation method, 
sucrose density-gradient equilibrium centrifugation method, or differential centrifugation method which 
comprises homogenizing rat liver in a sucrose-containing solution and centrifuging the homogenate to 
obtain precipitate containing cell nucleus [as described in Nozomi Otake et al., "Busshitsu no Tanri to 
Seisei (Isolation and Purification of Substances)", edited by Todai Shuppan. 145-155 (1977)]. 

In alkali metal or alkaline earth metal salts of an inorganic acid, examples of alkali metal or alkaline 
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earth metal include sodium, potassium, calcium and cesium and examples of an inorganic acid include, 
hydrochloric acid, sulfuric acid and hydrobromic acid. Specific examples of these salts include cesium- 
chloride, calcium sulfate, sodium chloride and sodium bromide. 

Examples of sugars include pentose such as L-arabinose, D-xylose and D-ribose; hexose such as D- 
5 glucose, D-mannose, D-galactose, L-galactose. O-fructose and L-sorbose; di- or trisaccharides such as 
sucrose, maltose, lactose, trehalose, celiobiose and raffinose; deoxysugars such as L-rhamnose and 2- 
deoxy-D-ribose; and sugar alcohols such as glycerol, erythritol, arabitol, D-sorbitol and D-mannitol. 

Ficoll and Percoll are trade names of the products manufactured by Pharmacia Fine Chemicals. Ficoll is 
a highly water-soluble slnthetic macromolecule consisting of sucrose and epichiorohydrin. Percoll is of 
ro uniform particle size of silica beads coated with synthetic resin. 

Solvents for the solution (suspension) containing the above-described soiutes are preferably buffer 
solutions having a neutral pH value. 

The solid concentration of the solution (suspension) ranges from 5 to 50 w/w% in the case of alkali 
metal or alkaline earth metal salts of inorganic acid; 10 to 80 w/w% in the case of glycerol; 5 to 50 w/w% in 
75 the case of dextran or destrln; 0.25 to 4 M, preferably 0.5 to 2 M In the case of the other sugars. The 
solution or suspentlon Is used in an amount of 1/20 to 20-folds (v/v) of the starting volume of cultures 
applied to step (a). 

The thus-obtained suspension of precipitate A may be immediately subjected to centrifugation to obtain 
precipitate 8. Preferably, the suspension is centrifuged after sufficient agitation for effective separation of 
20 precipitate B. The centrifugation can be carried out using the conventional centrifuge at 2,000 to 15,000 rpm 
for 10 to 120 minutes, preferably at 4,000 to 12,000 rpm for 30 to 90 minutes. Continuous type centrifuge 
such as a centrifuge using Scharples® can also be used. 

In step (c), precipitate B is mixed with an aqueous solution containing a non Ionic surface active agent, 
or cholic acids or an alkali metal salt of cholic acid, followed by solid-liquid separation to thereby remove 
2s the membrane components (Including protein, lipid or iipopolysaccharide) of microorganisms contaminating 
precipitate' B and purify the inclusion bodies. 

Llpopolysaccharide is known as pyrogen and therefore, it is necessary to remove iipopolysaccharide 
from the inclusion bodies in view of use for pharmaceutical preparations. Schnaitman reported that proteins, 
lipids and lipopolysaccharides can be removed from the membrane of Escherichia coll by treating with 
30 Triton X-100, EDTA, etc. [J, Bacteriology, 108. 553 (1971)]. 

Examples of nonionic surface active agents include polyoxyethyiene alkyf ethers such as polyox- 
yethylene oleyl ether [CtBH35 0(CH2CH 2 0) n H 1 trade name: Brij 96 (n = 10), Brij 98 (n = 20), etc.], polyox- 
yethyiene fatty acid esters such as polyoxyethyiene stearate (trade name: Nissan nonion S) polyox- 
yethyiene alkyf phenyl ethers such as polyoxyethyiene p-t octylphenyl ether represented by the formula 

36 

CH 3 CH 3 

B 3 C C CH 2 C — O— (CH 2 CH 2 0) n H 

40 CH 3 CH 3 * 

(trade name: Triton X-100 (n = 9, 10), sorbitan fatty acid esters such as sorbitan monostearate (trade name: 
Span 60), polyoxyethyiene sorbitan fatty acid esters such as polyoxyethyiene sorbitan monolaurate [trade 
45 name: Tween 20 (having 20 units of oxyethylene)]. 

Examples of cholic acid or alkali metal salt thereof include cholic acid, deoxycholic acid and sodium salt 
thereof. 

These surface active agents (including cholic acid and alkali metal salt thereof) are preferably dissolved 
in a buffer solution having a neutral pH value so as to give a final concentration of 0.2 to 10 w/v%, 
so preferably 0.5 to 4 w/v%. 

The thus-obtained mixture containing precipitate B can be immediately subjected to solid-iiquid 
separation. Preferably, the Separation is performed after the mixture is sufficiently agitated for efficient 
separation. 

The solid-liquid separation can be effected by centrifugation or filtration. The conditions for the 
ss centrifugation is not restricted as long as liquid and solid can be separated. For example, centrifugation 
method as described in steps (a) and (b) can be employed. 

At the treatment with the surface active agent, a metal chelating agent can be used in combination for 
efficient purification. 
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Examples of the metal chelating agent include EDTA (ethylenediaminetetraacetic acid). EGTA 
[ethyleneglucose bis(2-aminoethylene)tetraacetic acid], NTA (nitrilotriacetic acid). HEDTA <2-hydrox- 
yethylethylenediaminepentaacetic acid), DCTA n,2-diaminocyclohexanetetraacetic acid). The concentration 
of tn'd metal chelating agent ranges from 2 to 50 mM, preferably 5 to 20 mM. The other conditions can be 
the same as those described in the case that the surface active agent is used alone. 

The thus-recovered proteinaceous inclusion bodies are solubilized by adding a reducing and a 
denaturing agent 

One or more materials selected from among SDS (sodium dodecyl sulfate), urea, guanidine hydrochlo- 
ride, acids and alkalis are employed as a denaturing agent. The denaturing agent and its concentration are 
selected in such a manner as to render the protein to be solubilized as uniform as possible. When acids or 
alkalis are used as a denaturing agent, solvents used are not particularly restricted. When the denaturing 
agent other than acids and alkalis are used, preferable examples of the solvents are buffer solutions having 
an approximately neutral pH value (e.g., a phosphate buffer having a pH value of 7). The reducing agent 
which may be selected from, for example, monovalent thiols such as tf-mercaptoethanol. cysteine and 
glutathione or dlthiothreitol (DTD. is added to an aqueous solution containing the denaturing agent. Among 
these substances. DTT is particularly preferable since it has little tendency to form a disulfide bond with a 
cysteine residue of a protein. 

By adding a reducing agent as well as a denaturing agent at the solubilization of a protein, reduced 
monomer of the protein can increase and the associated materials, of the protein can decrease or disappear. 
Substances contaminating the inclusion bodies of the desired protein produced within the ceils of 
microorganisms, which undesirably block the SH groups of the desired protein, can also be dissociated 
from the desired protein, by adding a reducing agent as well as a denaturing agent at the solubilization of 
the inclusion bodies. 

The reducing agent may be removed by. for example, dilution, dialysis involving ultrafiltration, gel 
filtration, chromatography involving absorption/desorption or a batch process, each in the presence of a 
denaturing agent under non-oxidizing conditions, though it is not restricted thereby. Gel filtration is 
particularly preferable. 

Also, the substances contaminating the inclusion bodies produced within the ceils of microorganisms, 
which biock the SH groups of the desired protein, can be removed together with the reducing agent. 

The oxidation process is not particularly restricted. It may be carried out spontaneously. Alternately, it 
may be effected by bubbling oxygen or air into the aqueous solution to accelerate the oxidation by the 
dissolved oxygen; adding divalent copper ions to the aqueous solution to accelerate the oxidation by the 
dissolved oxygen: or by adding a weak oxidizing agent such as of iodosobenzoic acid, oxidized glutathione, 
a mixture of oxidized glutathione and reduced glutathione, cystine or a mixture of cystine and cysteine to 
the aqueous solution. It is further possible to control the oxidation rate by adjusting the pH value. At the 
oxidation, it Is preferable that the protein concentration is as low as possible. The protein concentration may 
be 0.1 to 2.000 itg/ml in general, though it may vary depending on the protein to be recovered. The 
reaction period and reaction temperature are not particularly restricted. It is generally preferable to effect 
the reaction at a temperature of below 10* C without freezing the reaction solution for five minutes to ten 
hours. By this oxidation, a protein having disulfide bonds at the same sites as those observed in the 
corresponding natural protein at a high frequency is formed. 

The denaturing agent may be removed by. for example, dilution, dialysis involving ultrafiltration, gel 
filtration, isoelectric precipitation, chromatography involving absorption/desorption or a batch process. Thus, 
associated or denatured proteins having disulfide bonds at sites different from those observed in the natural 
one, as well as Impurities, are removed together with the denaturing agent, since these materials are 
different in, for example, molecular weight, charge or hydrophobic nature from the desired protein. Thus, 
the protein having disulfide bonds at the same sites as those observed in the corresponding natural protein 
can be readily and reliably isolated. More particularly, the isolation may be carried out by, for example, (a) 
dialysis/centrifugation, (b) diiution/concentration/isoelectric precipitation/centrifugation, (c) ion exchange 
chromatography/dialysis/cent rifugation, or (d) gel filfratiorvion exchange chromatography. 

Through the process of the present invention, the reaction temperature is not particularly restricted. 
Preferably, the reaction can be carried out at a temperature of below 10* C without freezing the reaction 
solution. The pH value of a solution containing the protein to be reactivated is not particularly restricted, but 
it varies depending on the kind of the protein. Preferably, the pH value of the solution ranges from 2 to 10. 

To further illustrate the present invention, and not by way of limitation, the following examples will be 
given. 



6 



EP0 3Q2 468 A2 



EXAMPLE 1 
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Reactivation of SGH-I from Inclusion bodies produced by E. coll 

Recombinamt SGH-I was Isolated from recombinant SGH-I Inclusion body-containing cells obtained by 
a culture method described In JP-A-81-93197 and purified to a purity of 90% according to a method 
described in JP-A-60-224259. 5 mg of these inclusion bodies were dissolved in a 100 mM tris- 
(hydroxymethyl)amlnomethane buffer solution <pH 8.0) containing 7 M of urea, 5 mM of EDTA and 1 mM of 
DTT to give a volume of 2.5 ml. The resulting solution was stirred at 4' C for two hours and then 
centrifuged at 12,000 rpm for five minutes. The reducing agent was removed from .the supernatant using a 
gel filtration column PD-10 (manufactured by Pharmacia Fine Chemicals) which had been equilibrated with 
a 100 mM tris buffer solution (pH 7.0) containing 7 M of urea. 3.5 ml of the protein-containing fraction thus 
obtained was mixed with the equivalent amount of a 100 mM tris buffer solution (pH 9.0) containing 7 M of 
urea and 1 mM of CuSO* and the obtafned mixture was allowd to stand at 4*C for two hours to thereby 
allow the oxidation to proceed. Then, 7 nrU of this solution was dialyzed against 2 1 of a 100 mM tris buffer 
solution (pH 7.0) at 4* C overnight. After centrifuging the internal solution at 12,000 rpm for five minutes, 
almost pure recombinant SGH-I was collected in the supernatant. The activity of the recombinant SGH-I 
thus obtained was determined according to the process reported by Sekine et al. (cf. Proc. Natl. Acad. Sci. 
USA, 82, 4306 (1985)). As a result, the obtained recombinant SGH-I showed an activity comparable to that 
of natural SGH-I reported by H. Kawauchi et ai. [cf. Archives of Biochem. and Biophys,, 244, 542 (1986)]. 
Table 1 shows the yields. 

Table 1 
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Reactivation of salmon growth hormone I 




Steps of Reactivation 


Volume 


Protein* 




(ml) 


(ug) 


inclusion body solution 


2.5 


1,130 


gel filtration fraction 


3.5 


915 


oxidized solution 


7.0 


900 


dialyzed and centrifuged supernatant 


7.5 


503 



Note: amount of salmon growth hormone I. 



EXAMPLE 2 



Purification of natural SGH-I after oxidation step (I) 



50 



55 



The oxidized solution obtained in Example 1 was diluted 10-fold with a 100 mM tris buffer solution (pH 
8.0) and allowed to stand at 4* C for two hours. Then, it was cbncentrated to 1/10 by using an ultrafiltration 
membrane (YM-10: manufactured by Amicon). The pH value of the concentrate was adjusted to 6.0 with 1 
N- hydrochloric acid to thereby induce isoelectric precipitation. After centrifuging at 12,000 rpm for five 
minutes, almost pure recombinant SGH-I was collected in the supernatant. The activity of the recombinant 
SGH-1 thus obtained was determined according to the process reported by Sekine et al. [cf. Proc. Natl. 
Acad. Sci. USA., 82, 4306 (1985)]. As a result, the obtained recombinant SGH-I showed an activity 
comparable to that of natural SGH-I as reported by H. Kawauchi et al. [cf. Archives of Biochem. and 
Biophys., 244, 542 (1986)]. Table 2 shows the yields. 
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Table 2 



Reactivation of salmon growth hormone 1 


Steps of Reactivation 


Volume 
(mt) 


Protein - 
(ug) 


oxidized solution 

isoelectric-precipitated and centrifuged supernatant 


7.0 
7.8 


900 
473 



10 * Note: amount of salmon growth hormone I. 



EXAMPLE 3 



Purification of natural SGH-I after oxidation step (II) 

The oxidized solution obtained in Example 1 was diluted 10-fold with 7 M urea and the pH value of the 
obtained solution was adjusted to 8.0. Then, the solution was passed through a DEAE Sepharose<& CL-6B 
column (1.5 x 5.7 cm. manufactured by Pharmacia Fine Chemicals), which had been equilibrated with a 10 
mM tris buffer (pH 8.0) containing 7 M urea, at a rate of 10 mt;hr. The column was then washed with 50 
mt of the above buffer solution at a rate of 10 ml/hr and subsequently eluted by a concentration gradient 
method with the use of 30 ml jof the above buffer solution and a 10 mM tris buffer solution (pH 8.0) 
containing 7 M of urea and 1 M of NaCl at at rate of 5 m l/hr. The elute was fractionated by 5 ml portions. 
As a result almost pure recombinant SGH-I was collected in the third fraction (5 ml). 5 mt of this fraction 
was dialyzed against 1.5 I of a 100 mM tris buffer (pH 8.0) at 4 - C overnight The internal solution was 
centrifuged at 12,000 rpm for five minutes. Recombinant SGH-I having the same stereostructure involving 
the position of disulfide bonds as natural SGH-I was collected in the supernatant The activity of the 
recombinant SGH-I obtained was determined according to the process reported by Sekine et al. [cf. Proc. 
Natl. Acad. Scf. USA.. 82, 4306 (1985)]. As a result, the obtained recombinant SGH-I showed an activity 
comparable to that of natural SGH-I as reported by H. Kawauchi et al. [cf. Archives of Biochem. and 
Blophys., 244 542 (1986)1. Table 3 shows the yields. 

Table 3 



40 


Reactivation of salmon growth hormone 1 




Steps of Reactivation 


Volume 


Protein* 






(ml) 


(*g) 




oxidized solution 


7.0 


900 . 


45 


DEAE-elution fraction 


5.0 


433 




dialyzed and centrifuged supernatant 


7.8 


389 



" Note: amount of salmon growth hormone I. 



EXAMPLE 4 
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Reactivation of eel growth hormone I from Inclusion bodies produced by E. coll 

Recombinant eel growth hormone I inclusion bodies were obtained by the following method. E. coli 
EUPA1 (FERM BP-825) was Inoculated into 10 mi of an MCG- medium (pH 7.2) comprising 0.6% of 

$ NaaHPO*. 0.3% of KH 2 POi, 0.5% of NaCl, 0.1% of NHiCZ, 0.5% of glucose, 0.5% of Casamino acid, 1 
mM of MgSO* and 4 jxg/m I of vitamin Bi and cultured in the medium at 30* C for seven hours. The culture 
thus obtained was Inoculated into 50 ml of an MCG medium and further cultured in it at 30* C for 18 hours. 
The culture obtained was inoculated into 1 I of an MCG medium and further cultured therein at 30 # C for 
five hours, then at 42 'C for two hours and finally at 37* C for 41 hours. The culture thus obtained was 

w centrifuged at 8.000 rpm for ten minutes to collect the cells. From these cells, eel growth hormone I 
inclusion bodies were isolated and purified at a purity of approximately 90% according to a method 
described in JP-A-60-244259. 

5 mg of these inclusion bodies were dissolved In a 100 mM trls buffer solution {pH 8.0) containing 7 M 
of urea, 5 mM of EDTA and 1 mM of DTT to give a volume of 2.5 mi. The resulting solution was stirred at 

is 4*C for two hours and then centrifuged at 12,000 rpm for five minutes. DTT was removed from the 
supernatant by using a gel filtration column PD-10 (manufactured by Pharmacia Fine Chemicals) which 
have been equilibrated with a 100 mM tris buffer solution (pH 7.0) containing 7 M of urea. 3.5 ml of the 
protein-containing fraction thus obtained was mixed with the equivalent amount of a 100 mM tris buffer 
solution (pH 9.0) containing 7 M of urea and 1 mM of CuSOf and the obtained mixture was allowed to stand 

20 at 4* C for two hours to thereby allow the oxidation to proceed. Subsequently, 7 ml of this solution was 
dlalyzed against 2 t of a 100 mM tris buffer solution (pH 7.0) at 4*C overnight After centrifuglng the 
internal solution at 12,000 rpm for five minutes, almost pure recombinant eel growth hormone I was 
collected in the supernatant The antibody-binding activity of the recombinant eel growth hormone I thus 
obtained was determined according to the radioimmunoassay reported by M. Kishida et at. [cf. General and 

25 Comparative Endocrinol., 65, 478 (1987)]. As a result, the obtained eel growth hormone I showed a 
biological activity comparable to that of natural eel growth hormone I reported by M. Kishida et al. [cf. 
General and Comparative Endocrinol.. 65, 478 (1987)]. Table 4 shows the yields. 

Table 4 



Reactivation of eel growth hormone I 



Steps of Reactivation 


Volume 


Protein* 




(mi) 


m 


inclusion body solution 


2.5 


1,050 


gel filtration fraction 


3.5 


930 


oxidized solution 


7.0 


912 


dialyzed solution 


7.8 


820 



4a * Note: amount of eel growth hormone I. 



EXAMPLE 5 

45 



Reactivation of SGH-I from inclusion bodies produced by E. coll 

Recombinant SGH-I was isolated from recombinant SGH-I inclusion body-containing cells obtained by a 
culture method described in JP-A-61-93197 and purified to a purity of 90% according to a method 
described in JP-A-60-244259. 5 mg of these inclusion bodies were dissolved in a 100 mM tris buffer 
solution (pH 8.0) containing 7 M of urea, 5 mM of EDTA and 1 mM of DTT to give a volume of 2.5 ml. The 
resulting solution was stirred at 4* C for two hours and then centrifuged at 12,000 rpm for five miutos. DTT 
was removed from the supernatant using a gel fittraiton column PD-10 (manufactured by Pharmacia Fine 
Chemicals) which had been equilibrated with a 100 mM tris buffer solution (pH 7.0) containing 7 M of urea. 
3.5 mi of the protein-containing fraction thus obtained was mixed with the equivalent amount of a 1 00 mM 
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tris buffer solution (pH 9.0) containing 7 M urea and 0.2 mM of oxidizing glutathione and the resulting 
mixture was stirred at 4* C overnight to thereby allow the oxidation to proceed. Subsequently. 7 mt of this 
solution was dialyzed against 2 I of a 100 mM tris bufer solution (pH 7.0) at 4'C overnight. After 
centrifuging the internal solution at 12.000 rpm for five minutes, almost pure recombinant SGH-I was 
s collected in the supernatant The activity of the recombinant SGH-I thus obtained was determined according 
to the process reported by Sekine et al. [cf. Proc. Natl. Acad. Sci. USA., 82, 4306 (1985)]. As a result, the 
obtained recombinant SGH-I showed an activity comparable to that of natural SGH-I as reported by H. 
Kawauchi et al. [cf. Archives of Biochem. and Biophys., 244, 542 (1988)]. Table 5 shows the yields. 

io TabieS 



Reactivation of salmon growth hormone I 



Steps of Reactivation 


Volume 


Protein* 




(mt) 


(ugj 


inclusion body solution 


2.5 


1.130 


gel filtration fraction 


3.0 


915 


oxidized solution 


7.0 


900 


dialyzed and centrifuged supenatant 


7.5 


510 



Note: amount of salmon growth hormone I. 



REFERENCE EXAMPLE 1 
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Reactivation of salmon growth hormone I by conventional method 



35 



40 



5 mg of SGH-I inclusion bodies obtained in the same manner as the one described in Example 1 were 
dissolved in a 100 mM tris buffer solution (pH 8.0) containing 7 M of urea, 5 mM of EDTA and 1 mM of 
DTT to give a volume of 12.5 mt. The obtained solution was stirred at 4* C for two hours and centrifuged at 
12.000 rpm for five minutes. The supernatant was rialyzed against 3 i of a 100 mM phosphate buffer 
solution <pH 7.0) at 4" C overnight. The internal solution was centrifuged at 12.000 rpm for five minutes to 
give the supernatant Table 6 shows the yields. Although the supernatant contains almost pure recombinant 
SGH-I, the yield was extremely low. Thus, this process was not effective in practice. 

Table 6 



45 



so 



Reactivation of salmon growth hormone 1 


(conventiona 


method) 




Steps of Reactivation 


Volume 


Protein' 




(ml) 


<ug) 


inclusion body solution 


12.5 


1,040 


dialyzed solution 


13.0 


111 



* Note: amount of salmon growth hormone I. 
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REFERENCE EXAMPLE 2 
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Reactivation of eel growth hormone I by conventional method 

5 mg of recombinant eel growth hormone I inclusion bodies obtained in the same manner as the one 
described in Example 4 were dissolved in a 100 mM tris buffer solution (pH 8.0) containing 7 M of urea, 5 
mM of EDTA and 1 mM of DTT to give a volume of 12.5 ml. The obtained solution was stirred at 4° C for 
two hours and centrifuged at 12,000 rpm for five minutes. The supernatant was diaiyzed against 3 I of a 
100 mM phosphate buffer solution (pH 7.0) at 4*C overnight. The internal solution was centrifuged at 
12,000 rpm for five minutes to give the supernatant Table 7 shows the yields. Although the supernatant 
contains almost pure recombinant eel growth hormone I, the yield was extremely low. Thus, this process 
was not effective in practice. 



Table 7 



Reactivation of eel growth hormone I 
(conventional method) 


Steps of Reactivation 


Volume 
(ml) 


Protein' 
(ug) 


Inclusion body solution 
diaiyzed solution 


12.5 
13.0 


1.070 
325 



* Note: amount of eel growth hormone I. 



According to the present invention, a reduced and denatured cysteine-containtng protein can be 
efficiently reactivated. 

. REFERENCE EXAMPLE 3 



Reactivation of salmon growth hormone i by method of K.E. Langley et al [Eur. J. Biochem., 163, 313-321 

asm 

100 mg of SGH-I Inclusion bodies obtained in the same manner as the one described in Example 1 
were dissolved in a 50 mM tris hydrochloride buffer solution (pH 8.0) containing 6 M of guanidine 
hydrochloride to give a volume of 10 ml. After allowing to stand for 80 hours, the SGH-hcontaining solution 
was passed through a Sephacryl S-200® column (2.6 x 94 cm, manufactured by Pharmacia Fine 
Chemicals), which had been equilibrated with the above-described tris hydrochloride buffer at a rate of 50 
ml/hr and subsequently eluted with the same buffer. The elute was fractionated by 5 ml portions to obtain 
a total volume of the fraction of 35 ml. To this fraction, a buffer solution (pH 8.5) containing 0.25 w/v% of 
NaHC03. 0.2 w/v% of a-lactose and 0.2 w/v% of mannitol were added to give a final volume of 105 ml. 
Then, the thus-obtained solution was diaiyzed against 30 I of the above-described buffer at room 
temperature for 24 hours. The internal solution was centrifuged to obtain the supernatant. Table 8 shows the 
yields. Although almost pure recombinant SGH-I was recovered in the supernatant, the yield was extremely 
low. Thus, this process was not effective in practice. 
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Tables 



Reactivation of salmon growth hormone 1 


Steps of Reactivation 


Volume 


Protein* 




(mt) 


f*g) 


inclusion body solution 


10 


22.600 


oxidized solution 


10 


22,600 


gel filtration fraction 


35 


9.100 


diaiyzed and centrifuged supenatant 


110 


5.500 



" Note: amount of salmon growth hormone I. 



15 



20 



25 



30 



35 



40 



45 



50 



55 



While the invention has been described in detail and with reference to specific embodiments thereof, it 
will be apparent to one skified in the art that various changes and modifications can be made therein without 
departing from the spirit and scope thereof. 



Claims 

1 . A process for reactivating a protein in its natural form which comprises the steps of: 

(1) converting a cysteine-containing protein into the corresponding reduced and denatured one by 
adding a denaturing agent and a reducing agent thereto to soiubiiize the protein; 

(2) removing the reducing agent 

(3) oxidizing the cysteine-containing protein, as denatured, to form disulfide bonds at the same sites 
as those observed in the corresponding natural protein; and 

(4) removing the denaturing agent to thereby isolatB and purify the reactivated protein. 

2. A process of recovering a cysteine-containing protein in its natural form from inclusion bodies 
produced within the cells of a microorganism, said process comprising the steps of: 

(1) removing cysteine-containing protein inclusion bodies having disulfide bonds from the ceils of a 
microorganism; 

(2) uniformly solubilizing the protelnaceous inclusion bodies by adding a reducing and a denaturing 
agent thus reducing and denaturing the cysteine-containing protein and solubilizing it: 

(3) removing the reducing agent; 

(4) oxidizing the denatured cysteine-containing protein from step (3) to form disulfide bonds at the 
same sites as those observed in the corresponding natural protein; and 

(5) removing the denaturing agent and any associated or denatured proteins having disulfide bonds 
at sites different from those observed in the natural protein and impurities present to thereby isolate the 
desired reactivated and purified protein having disulfide bonds at the same sites as those observed in the 
corresponding natural protein. 

3. A process as set forth In claim 1 or 2 t wherein said denaturing agent is selected from the group 
consisting of SDS, urea, guanidine hydrochloride, acids and alkalis. 

4. A process as set forth in claim 1 or 2, wherein the reducing agent is removed by dilution, dialysis, 
ultrafiltration, gel filtration, adsorption/desorption chromatography or a batch processing in the presence of a 
denaturing agent under non-oxidizing conditions. 

5. A process as set forth in claim 1 or 2 t wherein the reducing agent is removed by gel filtration in the 
presence of a denaturing agent under non-oxidizing conditions. 

6. A process as set forth in claim 1 or 2, wherein the oxidation process is spontaneous. 

7. A process as set forth in claim 1 or 2, wherein said oxidation is earned out by a method selected 
from the group consisting of air-oxidation with aeration, afr-oxidation with the use of a metal ion as a 
catalyst and oxidation with the use of a weak oxidizing agent. 

8. A process as set forth in claim 7. wherein said weak oxidizing agent is selected from the group 
consisting of o-iodosobenzoic acid, oxidized glutathione, a mixture of oxidized glutathione and reducing 
glutathione, cystine or a mixture of cystine and cysteine. 

9. A process as set forth in claim 1 or 2 r wherein the protein concentration during the oxidation step is 
from about 0.1 to about 2,000 ng/ml. 

10. A protein obtainable according to the method of anyone of claims 1 to 9. 
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